Objective: To test the hypothesis that a high carbohydrate breakfast with breakfast cereal leads to a meaningful reduction in dietary energy intake from fat, especially from saturated fat, and thus lower serum cholesterol levels.
Introduction
There is previous experimental evidence of the bene®cial effects of high-carbohydrate diets on the control of appetite and body weight, although the physiological mechanisms are not well understood. The results of recent studies indicated that a simple dietary intervention to increase the consumption of breakfast cereal led to a signi®cant reduction in the energy from fat and an increase in energy from carbohydrates (Gibson & O'Sullivan, 1995; Kirk et al, 1997; Ruxton & Kirk, 1997) . It has been suggested, that plasma glucose values play an important role in the action on appetite . Compared to fatty foods, a carbohydrate-rich diet produces different effects on satiation immediately after a meal as well as on sustained satiety during the day Cotton et al, 1994) . Even a periodic consumption of fatty meals may lead to passive over-consumption of energy from fat, which generates lower level of satiety Green et al, 1994) .
Consumption of a carbohydrate rich breakfast may be a useful measure to help reduce fat intake and thus lower cholesterol levels. This would depend on the composition of the breakfast itself and of its in¯uence on the eating patterns later during the day. This hypothesis was tested in an unique ®eld study in North Karelia, an area where saturated fat intake and serum cholesterol levels are still relatively high, in spite of major improvements related to a long-term intervention programme (Puska et al, 1995) .
The aim of this trial was to determine the potential bene®cial effects of a high carbohydrate breakfast on diet and cardiovascular risk factors, especially on the energy proportion of the saturated fat in diet and on serum lipids. The intervention cereal consumption aimed at substituting energy from fat for energy from carbohydrate in the daily diet. The primary objectives were to determine whether breakfast per se and the consequences of breakfast throughout the day will produce bene®cial effects on total and saturated fat intake and on serum cholesterol, compared with usual diet. Secondary objectives were to assess the effects of consumption of cereal on body weight, blood pressure and subjective well-being. Knowledge about the effects of a high carbohydrate breakfast can be used for health education purposes.
Subjects and methods
The subjects were 29 ± 71 y old men and women living in Joensuu and nearby communities in the province of North Karelia in eastern Finland. The subjects were recruited mainly from a community wide cardiovascular risk factor survey (FINRISK 1992) and from among their spouses . The FINRISK 1992 study was based on a random population sample. Most of the invitation letters to these subjects were sent in the beginning of July l996. Some subjects were also recruited by an advertizement in a local newspaper in August l996.
The exclusion criteria were use of cholesterol lowering medication, cholesterol values lower than 5.0 mmolal, very lean persons body mass index (BMI)`20), insulin dependent diabetes mellitus or unstable diabetes medication, chronic severe disease or alcohol abuse, reported daily use of porridge or cereal breakfast, unstable hypertension medication and very low saturated fat intake. Saturated fat intake was estimated using a short food frequency questionnaire developed for this purpose by the Finnish Heart Disease Association.
All subjects received both written and oral instructions on general conduct and about the purpose of the study. All requirements of the study were discussed with the subjects prior to their participation, and the subjects were advised to contact the study nurses if any new questions or problems should arise during the study. The study subjects had four visits. During each visit, the study nurses took care that all subjects followed instructions given on consumption of cereal and how to keep food record or ®ll out the questionnaires.
The subjects were randomized in two groups. The study was completed by 104 subjects (54 men, 50 women) in group 1 and 105 subjects (41 men, 64 women) in group 2. Altogether, l5 subjects of the initially recruited 224 persons were not eligible for this study. The reasons why these subjects dropped out were: chronic, severe disease (5); urgent work responsibilities (3); moving to an other province (1); travelling problems (1); and other reasons (5). The study was an open randomized, cross-over design. The ®rst trial period took place in September ± December 1996 and the second in January ± March 1997.
The intervention group consumed cereal at breakfast (possibly consuming the remaining cereal later in the day) during six weeks, and the control group continued their usual dietary habits during the same period. After wash out period of six weeks a cross-over took place, and the trial continued for another six weeks. Both groups were asked to follow their normal ad libitum diet during the wash out period, as well as their other health behaviour.
The intervention group received daily cereal as follows: 60 g (three small packages of 20 g) for women and 80 g (four small packages) for men, to be eaten mainly during their breakfast and any possible remainder of the day's portion later in the day. Two cereals were provide (Cornakes and Rice Krispies). In women, the breakfast cereal (60 g) contained on average 210 kcal energy, 51 g carbohydrates, 4 g protein, 3 g ®bre and`1 g fats and in men (80 g) 280 kcal energy, 68 g carbohydrates, 6 g protein, 4 g ®bre and`1 g fats. Cereal were consumed with skimmed milk, fat-free sour milk products such as yogurt or fruit juices at the beginning of the breakfast. The intervention cereal was Effect of breakfast cereal on serum cholesterol P Kleemola et al dispensed in the form of prepacked packages of 20 g by the study nurses. The control group subjects were asked to follow their usual eating habits. Finnish meal patterns and nutrient intake have been described in the recent publication (Roos & Pra Ètta Èla È, 1998) . All study subjects were asked to keep a 3 d food record during four study periods. The subjects were trained for record keeping by the study nurses. The usual procedures used in nutrition surveys at the National Public Health Institute of Finland (KTL) were followed. Data on total fat were calculated triglycerides and data on saturated, monounsaturated and polyunsaturated fatty acids were calculated triacylglycerol equivalents (Hyvo Ènen et al, 1993) . Effect of breakfast cereal on serum cholesterol P Kleemola et al Serum total and high-density lipoprotein (HDL) cholesterol levels were assessed and recorded at each scheduled study visit. The analyses were done in the National Public Health Institute using conventional methods (CHOD-PAP, Boehringer Mannheim, Monotest). Height and weight were recorded using the standardized methods. Weight (according to 0.1 kg) was measured at each study visit. Blood pressure was measured twice at each study visit in a sitting position with a mercury sphygmomanometer using standardized methods.
The questionnaires included questions on, for example, compliance, which was measured using single pre-coded questions.
Statistical methods
Statistical analysis of the data was carried out using SASprograms (SAS Institute Inc., 1989). Changes in serum lipids, body weight, blood pressure and nutrients before and after the trial periods were tested with analyses of variance between groups. Differences between groups before trial periods were analysed with an independent t-test. Also, possible period effect of the ®rst treatment period onto the second were tested.
Results
Serum total cholesterol, HDL, cholesterol, weight and blood pressure results are given in Table 1 . There were no signi®cant changes in the mean body weight or blood pressure of the subjects between trial periods, or differences between the groups at the outset.
Total serum cholesterol was reduced in group 1 (cereals) and increased in group 2 (controls) during period one. The difference in change between intervention and control group (0.16 mmolal) was highly signi®cant in period one (P 0.007). A net reduction (0.14 mmolal) was observed also in period two but it did not reach exactly statistical signi®cance using P`0.05 as a signi®cance limit (P 0.069). HDL cholesterol was reduced in both groups during each period, but declines were signi®cantly greater during treatment than during control periods. Table 2 gives an overview of dietary energy, protein, fats, carbohydrates, ®bre and cholesterol intakes. There were no signi®cant differences in energy or saturated fatty acids intake between the groups before the study started. In the cereal intake group, total fat intake reduced in period one from 34.5% to 28.5% of energy intake and in period two from 33.4% to 28.8% respectively. The saturated fatty acids reduced from 13.0% of energy to 10.4% in period one and from 12.9% to 10.6% in period two in the cereal group. No changes were observed in the control groups.
At breakfast, the saturated fatty acids intake reduced on cereal intake group in period one from 13.0% of energy intake to 4.0%, and in period two from 12.1% to 3.8%, respectively. No change were observed in the control groups (Table 3) .
Foods contributing to total and saturated fatty acids intake at breakfast and in the total diet are given in Table  4 . At breakfast, the intake of energy and saturated fatty acids from cheese, butter and margarine on bread, and from milk were mostly associated with control periods. The diet for the whole day showed similar but not as marked differences.
The subjective experiences of the study subjects with the intervention breakfast were generally positive, as is also Effect of breakfast cereal on serum cholesterol P Kleemola et al
shown by the high compliance. Some 58% of the subjects regarded eating cereal at every breakfast easy or quite easy and only three subjects regarded it as very dif®cult.
Discussion
In the prevention of coronary heart disease (CHD), a reduction of elevated serum cholesterol levels is of major importance both for individuals and for populations. The role of cholesterol reduction on a population level is evident from the long-term results of the North Karelia Project (Vartiainen et al, 1994a) . The dietary principles for serum cholesterol lowering are well known (Vartiainen et al, 1994b) . The major aim is to reduce saturated fat intake. For many people, the advice to reduce saturated fat intake is negative and not always easy to follow. Substitution of saturated fat by unsaturated vegetable oils is a more positive message and has, indeed, in a major way been successful. However, such a policy does not lead to a reduction in total fat intake.
One way of reducing fat intake is to increase carbohydrate intake which will replace fat in the diet. This can also in¯uence satiety and the eating patterns for the rest of the day . Increased consumption of a regular breakfast with a high carbohydrate intake has usually been considered as a healthy meal pattern (Ruxton & Kirk, 1997) .
The trial took place in North Karelia, a province in Finland where saturated fat intake serum cholesterol levels and CHD rates have been extremely high. Although the situation has improved considerably, the levels of saturated fat intake and serum cholesterol are still relatively high (Puska et al, 1995) during the long-term intervention programme known as the North Karelia Project.
The participants were advised to eat cereal with skimmed milk or other fat-free milk products or berry or fruit juices. No other dietary advice was given. Milk was not a major factor behind the decreased level of saturated fat consumed, thus less than 10% of saturated fat came from milk taken during the day. When milk was divided according to type (fat-free, low fat and fat milk), the Effect of breakfast cereal on serum cholesterol P Kleemola et al consumption of fat-free milk increased during the cereal intake periods. However, between the periods, no considerable differences were found in intake of saturated fat from fat-free, low fat and fat milk (data not shown). In the Dietary Survey of Finnish Adults the proportion of subjects drinking skimmed milk was about 25%, low-fat milk 30%, and 33% did not drink milk at all (National Public Health Institute, 1998). The results were in surprisingly good accordance with the initial assumptions made, for example, in the sample size calculations. The intervention periods led to approximately a 2.5% points reduction in energy from saturated fatty acids during the day. The reduction in total fat intake was 5.5%. This was compensated by the considerable increased intake of carbohydrates at breakfast. These results are in line with those of Kirk et al (1997) . It should be noted that ®bre intakes were not signi®cantly changed. Thus combining the high carbohydrate intake with increased ®bre intake might further improve the effects (Burley et al, 1987 .
The reduction in saturated fat intake was mainly due to changes in the composition of the breakfast, thus saturated fat intake decreased at breakfast from 13 en% to 4 en% during the intervention. The reduction in fat intake was mainly due to the reduced use of cheese, butter and margarine on bread.
The reduction in saturated fat intake led, as expected, to a modest (but in group 1 signi®cant) 0.15 mmolal reduction in serum cholesterol levels. In the control groups, serum cholesterol increased slightly during period one (autumn) and decreased during period two (winter ± spring) which can be explained by a normal seasonal variation.
In the present study, the reduction in serum cholesterol was partly explained by a decrease in HDL cholesterol. It is well known that in countries, like Finland, with high total cholesterol and high CHD rates, HDL cholesterol levels are also high (Knuiman et al, 1987) . A combination of total cholesterol with low HDL cholesterol causes an expectionally high risk of CHD (Castelli et al, 1986) . Clifton et al (1990) found a signi®cant correlation between saturated fat intake and low-density lipoproteins (LDL) and HDL cholesterol, but the correlations between HDL responses were less than those for the LDL responses. In contrast, O'Hanesian et al (1996) found that dietary fat-induced changes in LDL cholesterol were not correlated with changes in HDL cholesterol. It has been suggested that the metabolic mechanisms affected by diet differ for changes in LDL and HDL concentrations (O'Hanesian et al, 1996) . It is unfortunate that we did not have the opportunity to analyse LDL cholesterol.
Conclusions
The trial showed that regular consumption of breakfast cereal can lead to reduced daily intake of total and saturated fat and, as a consequence, to the reduction in serum cholesterol. Thus a proper carbohydrate-rich cereal breakfast can be a good positive recommendation in the advice for a heart healthy, cholesterol lowering diet.
